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Background: Most people in industrialized societies grow up in core (parents only) families with few if any siblings.
Based on an evolutionary perspective, it may be argued that this environment reflects a mismatch, in that the tribal
setting offered a larger number of close affiliates. The present project examined whether this mismatch may have a
negative impact on mental health.
Methods: We used data from the Norwegian Mother and Child Cohort Study (MoBa), which includes 114 500
children. The mothers were recruited during pregnancy and followed up with questionnaires as the infants grew
older. Correlates between number and type of people living in the household and questions probing mental health
were corrected for likely confounders.
Results: The number of household members correlated with scores on good mental health at all ages tested (3, 5
and 8 years). The effects were distinct, highly significant, and present regardless of how mental issues were scored.
The outcome could be attributed to having older siblings, rather than adults beyond parents. The more siblings,
and the closer in age, the more pronounced was the effect. Living with a single mother did not make any
difference compared to two parents. Girls were slightly more responsive to the presence of siblings than boys.
Household pets did not have any appreciable impact.
Conclusion: A large household is associated with fewer mental problems in children.
Keywords: Household size, Mental problems, Siblings, Birth order, Evolutionary perspective, Childhood, Social
affiliations, MoBaBackground
The high prevalence of anxiety and depression related
problems in adolescents and adults suggests that the
current environment, or way of life, is not optimal. An
evolutionary perspective may help identify possible con-
tributing factors. The concept Environment of Evolution-
ary Adaptation (EEA) has been coined to suggest a type
of environment in which we are genetically designed to
flourish [1]. While most discrepancies, or mismatches,
between the present setting and the EEA are either neu-
tral or beneficiary, some presumably contribute to men-
tal or physical morbidity. These latter may be referred to
as discords [2, 3]. If we can pinpoint the discords* Correspondence: bjgr@fhi.no
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it may be possible to initiate preventive measures. As
the brain is most malleable during the first years of life,
it seems reasonably to focus on infancy.
While it is relatively easy to suggest mismatches, it re-
quires dedicated research to identify relevant discords.
The point is succinctly exemplified in the case of near-
sightedness. The difference in prevalence between
people living in cities (up to 80 % in young men) com-
pared to rural areas (typically 1 %) [4] strongly suggests
the involvement of discords. The leading candidates, in
the form of obvious mismatches, were: one, focusing on
a close and fixed distance (as in reading); and two, not
having a natural diurnal cycle of light (the light being on
at night). However, recent research suggests that the
main discord is the lack of time infants spend outdoor,le is distributed under the terms of the Creative Commons Attribution 4.0
.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
ive appropriate credit to the original author(s) and the source, provide a link to
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in order to develop correctly [5].
Mental problems are considerably more difficult to
deal with than near-sightedness, consequently it is par-
ticularly important to find relevant discords. If the envir-
onment can be adapted accordingly, it may reduce the
future toll of mental agony.
As in the case of near-sightedness, there is a range of
candidate discords, particularly in connection with anx-
iety [6]. Data from the Norwegian Mother and Child
Cohort Study (MoBa) offer an opportunity to investigate
some factors [7].
The MoBa questionnaires were not designed with an
evolutionary perspective in mind, and are therefore not
ideal for the present purpose. Moreover, the Norwegian
population is relatively homogenous as to key child rear-
ing practices, and thus not suitable for the evaluation of
all potential discords. We consequently focused on one
factor: the number of people present in the household.
There is appreciable variation in the MoBa cohort as to
household size. Information regarding age-classified
members is gathered during pregnancy, implying that
the siblings recorded are older than the index child.
In a typical (Stone Age) tribal setting, there would be
a larger number of close affiliates compared to typical
homes in industrialized societies. The affiliates would
presumably offer a sense of safety as well as a social
context, input that theoretically could reduce the acti-
vation of fear and low mood modules of the brain.
Less activation would mean less “exercise” of these
functions, and thus less strengthening of the under-
lying neural circuits. In other words, a perceived lack
of company by supportive people could be theorized
to increase the risk of both anxiety and depression
related problems.
A strong social network is well known to contribute to
well-being, mental health and longevity in adults [8–10],
including young adults [11]. For infants, the family con-
stitutes the main social context. The question is whether
a similar effect can be seen in infants, and if so, which
relatives or others contribute in this direction.
There are some previous reports investigating the
relationship between mental problems and the size of
family in which infants grow up, primarily looking at
effects later in life. In a deprived setting, the correl-
ation may actually be positive; i.e., a large number of
siblings have a negative impact. For example, a study
of poor, rural communities in Mexico found that fam-
ily size predicts anxiety in adolescents [12]; and a re-
lated study of urban slum-children in India found a
correlation between family size and psychiatric disor-
ders [13]. However, these results may reflect the
stress and problems related to raising many children
with limited resources.Data from Western, affluent settings are more conflict-
ing. A UK based study found a univariate association
between family size and increased risk of childhood psy-
chiatric disorder, but the association disappeared when
correcting for confounders [14]. In this study, siblings
were recorded as either “2 or fewer”, or “3 or more”.
Socieconomic factors appeared more important than the
number of siblings. Another UK study suggests that hav-
ing one or two siblings may be protective, while larger
families may cause an increased chance of mental prob-
lems in the elder siblings [15]. Data from China indicate
reduced depression in adolescents who did not have any
siblings [16], but the one child family policy in this
country may contribute to the result.
In these studies, the outcomes are mental problems of
sufficient magnitude to warrant a diagnosis at later
stages in life. A report from Australia was based on a de-
sign more similar to the one used in the present study
[17]. They used questionnaires filled in by the mothers,
and found that small family size predicts internalizing
behaviour in infants. The present study was also based
on mothers’ reports on their infants while they were still
young. The questionnaires used in both studies indicate
internalising (anxiety, depression) and externalising (ag-
gression, opposition, defiance) behaviour. A high score
on these instruments predicts mental health issues later
in life [18, 19].
The present study included a number of variables re-
garding the type of household the infant was born into.
Thus, the dataset allowed for the adjustment for key
confounders such as maternal age, maternal and pater-
nal educational level, family income, maternal and pater-
nal period of leave from work after birth, maternal
breastfeeding status when child is 18 months, and the
presence of pets. We aimed to examine the possible ef-
fects of: 1) family size in general; and 2) type of mem-
bers (one or two parents, grandparents, other adults,
siblings). The outcome variables were: 1) temperament;
2), behaviour problems; and 3) symptoms of anxiety and
depression. The scores were obtained for the age period
3-8 years. As the information was registered for new-
born infants, the dataset only include information as to
older siblings. The data was not suitable for the question
of whether younger siblings would give a similar effect.
Methods
Norwegian Mother and Child Cohort Study
The Norwegian Mother and Child Cohort Study
(MoBa) (http://www.fhi.no/morogbarn) is a prospect-
ive, population-based cohort study initiated by the
Norwegian Institute of Public Health [7, 20]. Participants
(95 200 mothers and 114 500 children) were recruited
from throughout Norway from 1999 to 2008 and are al-
most exclusively ethnic Norwegians. Participants did not
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approached were enrolled. A written informed con-
sent was obtained from participants, as well as a li-
cence from the Norwegian Data Inspectorate. There
are follow-ups with new questionnaires at regular
intervals. Using data from the Medical Birth
Registry of Norway, it has been indicated that al-
though prevalence estimates of exposures and out-
comes in the MoBa study may be biased owing to
selection, estimates of exposure-outcome associa-
tions are less likely to be affected, and therefore do
not constitute a serious validity problem in terms of
representativeness [7].
The present study is based on version 8 (released
February 2014) of the quality-assured data files. The
study has been approved by the Regional Committee for
Medical Research Ethics. Data were collected from
Questionnaire 1 (gestational week 17), Questionnaire 4
(6 months after birth), Questionnaire 5 (18 months after
birth), Questionnaire 6 (3 years after birth), Question-
naire 7 (5 years after birth), and Questionnaire 8 (8 years
after birth). The dependent variables were based on re-
sponses from mothers of respectively 51 569 children
(3 years), 28 627 children (5 years), and 17 594 children
(8 years). The reduction in numbers, compared to the
initial recruitment, is due to the combination of: 1) A
general tendency to drop out as the child ages; 2) lack of
response to key questions; 3) the questionnaire was only
sent to a subset of parents (5 years); and 4) the partici-
pants were recruited over a 10 year period, and the part
of the sample recruited most recently had not completed
the last questionnaire (8 years).
The present study focused on household size as the
main exposure variable. Questionnaire 1, which was sub-
mitted during pregnancy, asks about the number of per-
sons sharing the household. There were also more
detailed questions about types of relatives in the house-
hold. These data were used to probe for correlates to
questions relating to mental issues in the children as
they grew older.
Measures
Independent variables
Household size and type were reported in Questionnaire
1 (during pregnancy). The mothers responded to items
such as: “How many people, including you, live in your
home?”, and “With whom do you live?”. Response
categories were “Spouse/partner”, “Parents”, “Parents-
in-law”, “Children”, “No one”, and “Other, describe”.
Number and approximate age of children (presumed to
be siblings) present (not including the study child) was
reported as: Number of people between: “12–18 years”,
“6–11 years”, and “under 6 years”, respectively. The
numbers of siblings were coded 1, 2, or >2.Covariates
Some variables were included because they might
confound the relationship between household size and
children’s mental health: Maternal and paternal
period of leave from work after child’s birth, was re-
ported by the mother for herself and for the child’s
father when the child was 18 months. Maternal leave was
coded: no leave = 0, <2 months = 1, 2–6 months = 2, 6–9
months = 3, 9–12 months = 4, 12–18 months = 5,
>18 months = 6. Paternal leave was coded: no leave = 0,
<1 month = 1, 1–2 months = 2, 2–3 months = 3, 3–6
months = 4, and >6 months = 5. Duration of breastfeeding
was reported when the child was 18 months. A summative
index was generated and scored 0–5 based on whether
the mother reported breastfeeding at: 6–8 months = 1,
9–11 months = 2, 12–14 months = 3, 15–18 months = 4.
The last category also included those who reported to be
breastfeeding at least once a week at 18 months. The pres-
ence of Animals (pets) in the family, reported when the
child was 6 months, was coded as a dichotomous variable.
The data were adjusted for a number of additional covari-
ates: Maternal age was categorized into five year intervals
from <20 years to ≥35 years. Maternal and paternal in-
come (reported in Questionnaire 1) were summed and
used as a categorical variable with seven response categor-
ies from no income to > NOK 500 000. Maternal and pa-
ternal education were reported in the same questionnaire
as one of six categories ranging from: “9 year elementary
school” to “at least 4 years at university”. The child’s sex
was also used as a covariate.
Dependent variables
The outcome variables were generated based on symp-
toms at age 3, 5 and 8 years as reported by the mother.
The items at age 3 and 5 were picked from various symp-
tom lists in the questionnaires, based on what the authors
judged as good face validity for the present purpose.. The
data were factor analysed using an oblique rotation. In the
3 year questionnaire, we used all the 26 available items
from the Child Behavior Checklist (CBCL) [21]. Four
factors were generated: Emotional regulation, Anxiety,
Eating/somatic, and Hyperactivity/concentration. Items
and the factor loadings are shown in Table 1.
Outcome variables at 5 years of age were based on
nine selected items from the CBCL, five from the Emo-
tionality, Activity and Shyness Temperament Question-
naire (EAS) [22], and two items made for the MoBa
study. Data from these 16 items were factor analysed
with an oblique rotation. A two factor solution was
chosen. The first factor was referred to as Anxiety, the
other Difficult temperament. Items and factor loadings
are shown in Table 2.
The 8 year questionnaire included short-forms of
two instruments: The Screen for Child Anxiety Related
Table 1 Factor loadings for the items included (bold) in the outcome measures at age 3 years
Emotional regulation Anxiety Eating/somatic Hyperactivity/concentration
Demands must be met immediately .70 .27 .13 .18
Defiant .65 .15 .13 .10
Gets in many fights .62 .08 .10 .23
Can’t stand waiting. wants everything now .62 .25 .10 .36
Gets into everything .52 .13 .09 .26
Hits others .49 .02 .08 .21
Resists going to bed at night .42 .13 .36 -.08
Punishment doesn’t change his/her behaviour .42 .13 .23 .39
Sudden changes in moods and feelings .41 .25 .25 .26
Too fearful or anxious .10 .64 .28 .09
Afraid to try new things -.03 .60 .14 .08
Clings to adults or are too dependent .30 .59 .21 .13
Disturbed by any change in routine .27 .55 .15 .16
Gets too upset when separated from parents .16 .54 .19 .03
Doesn’t eat well .17 .13 .75 .13
Doesn’t seem to be happy eating food (exc. sweets) .13 .11 .71 .23
Stomach aches or cramps (without medical cause) .14 .20 .43 .06
Doesn’t want to sleep alone .31 .23 .37 -.18
Constipated, doesn’t move bowels .02 .19 .36 -.01
Vomiting, throwing up (without medical cause) .01 .14 .28 .13
Can’t concentrate, can’t pay attention for long .25 .16 .11 .72
Can’t sit still, restless or overactive .34 .09 .12 .67
Quickly shifts from one activity to another .39 .12 .17 .53
Poorly coordinated or clumsy .00 .33 .13 .35
Doesn’t seem to feel guilty after misbehaving .14 .09 .11 .33
Eats and drinks things that are not food (not sweets) .16 .10 .16 .31
Note: Loadings are from the structure matrix, oblique rotation. Intercorrelations between the factor scores range from to
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instrument generated to measure Diagnostic and Statis-
tical Manual of Mental Disorders (DSM)-defined anxiety
symptom in children. The present Anxiety score was
based on a five item version [24]. The response categories
were “Not true”, “Sometimes true” and “True”. Our De-
pression score was based on the 13 item version of the
DSM-adapted Short Mood and Feelings Questionnaire
(SMFQ) [25]. The response categories were the same as in
SCARED. The list of items is shown in Table 3.
In addition to the mental health outcomes, we used a
number of questions on somatic outcomes for supplemen-
tary analyses. The purpose was to test for possible
confounding effects of maternal temperament. A worried,
or particularly attentive, mother might report more
symptoms of both mental and somatic nature (see the de-
scription of statistical analyses). An index of somatic
health problems was compiled based on the 3 and 5 year
Questionnaires. A score of 1 was given for long-termissues during either the first 18 months or 18–36 months.
The list included: impaired hearing, impaired vision, de-
layed motor development, joint problems, gained too little
weight, gained too much weight, asthma, allergy affecting
eyes or nose, eczema, food allergy/intolerance, gastrointes-
tinal problems, late or abnormal speech development, and
other long-term illness or health problems. Another index
was based on short-term illness reported at age 3, includ-
ing: ear infection, bronchitis, gastric flu/diarrhoea, injury
or accident. A third index included health problems re-
ported when the child was 5: asthma, pollen allergy/hay
fever, obstruction/wheezing in chest, impaired hearing, de-
layed motor development or clumsy, delayed or deviant
language development, impaired vision, or other health
problem. The three indices were analysed separately and
summed to one general index. Although several factors
could conceivable contribute to correlations between
somatic and mental problems, the comparison should
help clarify the issue of reporting bias.
Table 2 Factor loadings for the items included (bold) in the
outcome measures at age 5 years
Anxiety Difficult
temperament
EAS: Your child takes a long time to warm up
to strangers
-.69 .05
EAS: Your child is very friendly with strangers .59 .04
CBCL: Too fearful or anxious .57 -.35
CBCL: Afraid to try new things .55 -.21
Avoids to talk to others than family members .54 -.09
CBCL: Gets too upset when separated from
parents
.52 -.24
CBCL: Nervous, high strung and tense .51 -.41
CBCL: Clings to adults or too dependent .51 -.38
CBCL: Fears certain animals, situations or places .44 -.18
CBCL: Disturbed by any change in routine .43 -.39
Had following problems: Emotional difficulties
(sad and worried)
.32 -.27
EAS: Your child gets upset or sad easily -.20 .82
EAS: Your child cries easily -.24 .74
EAS: Your child reacts intensely when upset -.13 .68
CBCL: Cries a lot. .26 -.67
CBCL: Unhappy, sad or depressed .30 -.39
Note: Loadings are from the structure matrix, oblique rotation. The correlation
between the factor scores is 0.32
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in order to obtain estimates with easily interpretable effect
sizes.
Missing values
The outcome variables on children’s mental health were
imputed with the Statistical Package for the Social
Sciences (SPSS) EM imputation procedure, where corre-
lated valid data are used to predict values replacingTable 3 The 13 item version of the Short Mood and Feeling
Questionnaire
1. Felt miserable or unhappy
2. Felt so tired that s/he just sat around and did nothing
3. Was very restless
4. Didn’t enjoy anything at all
5. Felt s/he was no good anymore
6. Cried a lot
7. Hated him/herself
8. Thought s/he could never be as good as other kids
9. Felt lonely
10. Thought nobody really loved him/her
11. Felt s/he was a bad person
12. Felt s/he did everything wrong
13. Found it hard to think/concentratemissing values. Each of the sets of items was imputed
separately in cases where at least half the items had valid
data. Data sets with more than 50 % missing data were
discarded. The variables relating to household size and
type, animals in the family, as well as somatic health
were based on checking or not checking a number of
categories. As there were no contra-categories (no place
to check for “no”), there were no missing data for these
variables. Maternal and paternal period of leave from
work after child’s birth were entered in the analyses as
categorical variables, and missing data were recoded to
separate categories. Missing breastfeeding data were
recoded to the lowest category. Results from cross tabu-
lations of the highly correlated variables maternal and
paternal educational level, suggested that missing data
should be categorized together with the lowest category.
Based on similar reasoning, missing data on family in-
come were recoded to the second lowest income group.
Statistical analyses
We estimated the association between the principal pre-
dictor and the outcome variables using a variance ana-
lysis procedure, SPSS Generalized Linear Models. In our
first set of analyses, household size was specified as a
factor together with categorical maternal age, categorical
maternal breastfeeding duration, and pets in the family.
Maternal and paternal duration of leave after birth, ma-
ternal and paternal educational levels, and family income
were entered as linear covariates. Each of the eight out-
come variables (four at age 3, two at age 5 and two at
age 8) were consecutively used as dependent variable. In
a second series of analyses, household size was replaced
with variables specifying numbers of various types of rel-
atives in the family: 1) Spouse of mother (usually the
child’s father), 2) parents of mother, 3) parents of spouse
(parents in law), 4) children (siblings of the index child),
and 5) others. Only the outcome variables with the
strongest association with household size in the first set
of analyses were included in the second set. In a third
set of analyses possible age specific effects of siblings in
the household were examined, entering three separate
variables for number (0, 1, or 2+) of older siblings, aged
0–5 years, 6–11 years, and 12–18 years at pregnancy, re-
spectively. There were significant interaction effects be-
tween household size and sex of the child, and as a final
step the analyses were conducted stratified by sex.
The outcome variables were reported by the mothers,
and will to some extent be affected by individual judge-
ment. Among other factors, maternal concern and wor-
riedness for her child might affect the outcome scores.
Worried mothers would presumably be more likely to
judge signs in their children as negative symptoms. If
maternal concern about her child varies systematically
with the number of children, for instance if earlier
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more relaxed, the mothers’ concern might confound a
possible association between birth order and mental
health. To the extent that this was the case, one would
expect the concern to generalize to somatic health prob-
lems. That is, inexperienced mothers would also tend to
judge their children’s somatic health as worryingly. To
examine such a possible confounding, three general indi-
ces of “maternally perceived somatic health problems in
the child” were generated. The items included were se-
lected based on whether the responses were likely to de-
pend on personal judgement, and thus be affected by
maternal concern. The indices were also relevant as a
gauge for other factors that may vary systematically with
parity. Thus, the analyses were repeated with the som-
atic indices as outcome in order to indicate the extent to
which such a bias may have affected our results on men-
tal health.
Results
Factor loadings for the various outcome variables at 3
and 5 years are shown in Tables 1 and 2. By including
only the items which had their strongest loading on a
specific factor, we (conservatively) estimated the alpha
reliability for that factor. For instance, the estimate for
Emotional regulation at age 3 was based on data from
the upper nine items in Table 1. We obtained the follow-
ing alpha reliabilities for the measures at age 3: 0.73
(Emotional regulation), 0.55 (Anxiety), 0.46 (Eating/som-
atic), and 0.54 (Hyperactivity/concentration). The values
for 5 years were: 0.72 (Anxiety) and 0.71 (Difficult tem-
perament). Values for the instruments used at 8 years
were 0.45 (Anxiety) and 0.89 (Depression).
As detailed in the Methods section, the study exam-
ined correlates between household composition and
symptoms of poor mental health in children. The results
presented have been adjusted for the following factors
considered to be potential confounders: maternal age,
maternal and paternal educational level, family income,
maternal and paternal period of leave from work after
birth, maternal breastfeeding status when child is
18 months, and animals living with the family. Some of
the adjustments did lower the estimated effect sizes, but
they did not drastically affect the significance of the
results.
In Table 4, the exposure is categorized as to the total
number of people present in the household. The value
“1” implies that the mother is single, while “2” usually
means a couple without any previous children. The lat-
ter score was used as a reference. Higher numbers re-
flect a combination of older siblings and adult relatives.
The presence of more than parents had a protective ef-
fect on the child (a negative score implies a reduced ten-
dency to have mental problems) regardless of the type ofoutcome. The results are shown as fractions of standard
deviations of the outcome variables compared to the ref-
erence group (two persons). The association between
household size and child mental health was highly sig-
nificant, p < 10−9 for all outcomes. There was a distinct
tendency for larger households to yield more pro-
nounced results, the effect size reaching -0.39 of for
household sizes of 6 or more. The outcome included
both typical internalizing problems (anxiety and depres-
sion) and problems related to externalizing behaviour
(hyperactivity, difficult temperament). Being a single
mother did not significantly affect the child’s mental
health.
Further analyses were performed in order to elucidate
the nature of the observed effect, focusing on the out-
come variables showing the strongest effect in Table 4.
The associations between mental health and types of
relatives present in the household were examined.
Table 5 shows specific effects of the presence of various
types of relatives, each included as separate predictors in
the multivariate analysis. The results demonstrate that
the effect of family size was primarily driven by the pres-
ence of siblings. There were no indications that the pres-
ence of additional adults improved child behaviour,
except for a just-significant protective effect of spouse
(usually father of the child) on difficult temperament.
The only other significant effect was an increased ten-
dency of difficult temperament in five year old children
in the presence of “others” (not children, parents or
grandparents).
The above results prompted the investigation of
whether the age of siblings mattered. It should be noted
that the questionnaires were filled in prior to the birth
of the child being examined, thus the actual age of sib-
lings would be higher during the period of exposure.
Moreover, some of the children would eventually obtain
younger siblings, of which there is no available informa-
tion. As shown in Table 6, the results were consistent
with the finding that the more siblings the better; but
the best scores were obtained with siblings not too dif-
ferent in age. Again the effect was observed regardless of
the way mental health was evaluated.
Another question was whether the child’s sex made a
difference. We tested “sex x household size” interaction
effects by adding interaction terms to the initial analyses
(the results from which were shown in Table 4). The
interaction effect reached significance (p < .01) for four
outcome variables. New analyses of these outcomes were
stratified by sex, as displayed in Table 7. The results
show somewhat stronger effects of household size for
girls than for boys.
There was no consistent effect of breastfeeding across
the various outcomes. A significant positive association
for one outcome variable is consistent with a selection
Table 4 Adjusted mean scores (M) with confidence intervals (CI) of mental health related problems by household size
Household
size
Na 3 years 5 years 8 years
Emotional
regulation
Anxiety Eating/somatic Hyperactivity/
concentration
Anxiety Difficult
temperament
Anxiety Depression
M (95 % CI) M (95 % CI) M (95 % CI) M (95 % CI) M (95 % CI) M (95 % CI) M (95 % CI) M (95 % CI)
1 1 598 .00 (-.05, .05) -.04 (-.10, .01) .04 (-.02, .09) -.01 (-.06, .04) -.03 (-.10, .05) .05 (-.03, .12) .01 (-.09, .10) .11 (-.01, .21)
2 23 535 - - - - - - - -
3 17 041 .02 (.00, .04) -.24 (-.26,-.22) -.23 (-.25,-.21) -.08 (-.10,-.06) -.15 (-.17,-.12) -.13 (-.16,-.10) -.10 (-.14,-.07) -.08 (-.11,-.04)
4 7388 -.07 (-.10,-.04) -.29 (-.31,-.26) -.25 (-.28,-.22) -.24 (-.27,-.21) -.22 (-.25,-.18) -.31 (-.35,-.28) -.16 (-.20,-.11) -.14 (-.18,-.10)
5 1 528 -.15 (-.20,-.10) -.30 (-.35,-.25) -.28 (-.33,-.23) -.28 (-.33,-.23) -.16 (-.24,-.09) -.29 (-.36,-.23) -.20 (-.28,-.11) -.12 (-.20,-.04)
6+ 479 -.09 (-.19,-.00) -.33 (-.42,-.24) -.23 (-.32,-.14) -.25 (-.33,-.16) -.27 (-.38,-.16) -.39 (-.50,-.28) -.24 (-.39,-.08) -.10 (-.26, .07)
aNumbers of participants is for 3 years of age. Approximate numbers are 56 % of the listed figures for 5 years, and 34 % for 8 years
The outcome scores are z-scaled (SD = 1) with parents only (size = 2) as reference. The results are adjusted for maternal age, maternal and paternal educational
level, family income, maternal and paternal period of leave from work after child’s birth, maternal breastfeeding status when child is 18 months, and animals in
the family. p < 10−9 (overall test of mean differences between categories) for the effect of household size (3 and more) on all outcome variables
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be weaned later than emotionally stable children. There
was a consistent but weak trend of protective effect of
long maternal leave after birth, reaching significance in
three of the outcome variables. There was no consistent
effect of paternal leave. There were significant effects of
the presence of animals, but pointing in both directions,
and with trivial effect sizes.
An analysis using reported somatic problems as
outcome found no appreciable effects of having older
siblings (Table 8). Out of 24 estimates, five reached sig-
nificance, but only at p < .05. Four of these were positive,
suggesting a slight negative effect on health. This is in
the opposite direction of what was expected based on
the hypothesis of a negative relationship between mater-
nal concern and number of earlier born children.
Discussion
The purpose of the present study was to identify pos-
sible causes of mental problems. The choice of parame-
ters to be examined was based on an evolutionaryTable 5 Adjusted mean scores (M) with confidence intervals (CI) of
household
Types of relatives
in the household
Na Tot = 51 569 3 years
Anxiety Hyperactivity/con
M (95 % CI) M (95 % CI)
Spouse of mother 49 859 -.02 (-.11, .05) -.01 (-.08, .06)
Parent(s) of mother 504 .04 (-.06, .14) .00 (-.10, .09)
Parent(s) in law 223 .13 (-.03, .28) -.03 (-.16, .10)
Childrenb 21 944 -.23 (-.25,-.21) -.11 (-.13,-.09)
Others 1 087 .03 (-.03, .09) -.02 (-.08, .04)
aTotal number of participants is for 3 years of age. The corresponding sample sizes
bUsually siblings of the child participating in the study
The outcome scores are z-scaled (SD = 1). Each row represents separate dichotomo
each of the variables in the Table were adjusted for each other, as well as for mate
paternal period of leave from work after birth, maternal breastfeeding status when
in boldperspective of the human brain. The strategy implies
looking for mismatches, in the form of differences be-
tween present way of life and the presumed way humans
are “genetically designed” to live. Some of the mis-
matches, referred to as discords, may help explain the
prevalence of mental problems [2, 3].
It is likely that the Stone Age tribes had more close
affiliates for the child to interact with on a continu-
ous basis, compared to what is typically the case in
industrialized societies. Although kindergartens offer
company, this is only for a limited period of the day,
and the kids are not expected to be as closely knit as
those brought up in the same family or tribe. As
pointed out elsewhere [26], caretaking of infants by
siblings (or additional adults) is typical for tribal
people. According to the author, the point is reflected
in improved life prospective for infants with older
siblings. The question is whether this mismatch also
qualifies as a discord; that is, does it affect the mental
health of children (and thus potentially adults) in in-
dustrialized societies?mental health related problems by types of relatives in the
5 years 8 years
centration Anxiety Difficult temperament Anxiety
M (95 % CI) M (95 % CI) M (95 % CI)
-.06 (-.13, .02) -.11 (-.21,-.02) .01 (-.07, .10)
.01 (-.14, .16) .00 (-.14, .15) -.08 (-.27, .11)
.02 (-.18, .23) .01 (-.18, .20) -.01 (-.21, .18)
-.14 (-.16,-.11) -.15 (-.18,-.13) -.09 (-.12,-.06)
-.04 (-.12, .04) .10 (.01, .18) .06 (-.05, .18)
are 28 627 for 5 years and 17 594 for 8 years
us variables, a subject may have checked for none, some, or all. The effects of
rnal age, maternal and paternal educational level, family income, maternal and
child is 18 months, and animals in the family. Significant effects (p < 0.05)
Table 6 Adjusted mean scores (M) with confidence intervals (CI) of mental health related problems by age category of siblings
Age/number of
older siblings
Na
Tot = 51 569
3 years 5 years 8 years
Anxiety Hyperactivity/concentration Anxiety Difficult temperament Anxiety
M (95 % CI) M (95 % CI) M (95 % CI) M (95 % CI) M (95 % CI)
<6 years 0 28 789 - - -
1 19 239 -.25 (-.26,-.23) -.08 (-.10,-.07) -.16 (-.18,-.13) -.15 (-.18,-.13) -.10 (-.14,-.07)
2+ 3 541 -.39 (-.42,-.36) -.27 (-.30,-.24) -.27 (-.31,-.22) -.34 (-.39,-.30) -.19 (-.24,-.14)
6–11 year 0 44 317 - - - - -
1 5 473 -.06 (-.09,-.03) -.15 (-.18,-.12) -.05 (-.09,-.01) -.19 (-.22,-.15) -.14 (-.19,-.10)
2+ 1 779 -.18 (-.23,-.14) -.24 (-.29,-.19) -.13 (-.20,-.07) -.33 (-.39,-.27) -.14 (-.21,-.06)
12–18 years 0 49 273 - - - - -
1 1 777 -.02 (-.07, .03) -.04 (-.09, .01) -.04 (-.11, .03) -.03 (-.10, .04) -.02 (-.11, .07)
2+ 519 -.08 (-.16, .00) -.08 (-.17, .01) -.06 (-.17, .05) -.11 (-.22,-.01) .07 (-.08, .23)
aTotal number of participants is for 3 years of age. Overall sample sizes are 28 627 for 5 years and 17 594 for 8 years
The outcome scores are z-scaled (SD = 1) with no siblings of the indicated ages as reference. The results are adjusted for maternal and paternal educational level,
family income, maternal and paternal period of leave from work after birth, maternal breastfeeding status when child is 18 months, and animals in the family.
Significant effects (p < 0.05) in bold
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correlated with improved scores on mental outcome for
all age groups probed (3, 5 and 8 years), regardless of
how the outcome was measured (Tables 4). It is import-
ant to emphasise that the figures presented were cor-
rected for obvious confounders such as socioeconomic
status, education, and age of mothers. Although the
results were highly significant (p < 10−9), it should be
pointed out that the effect only explains a small part of
the variation. Perhaps somewhat surprisingly, having a
single mother did not appear to be a disadvantage com-
pared to having two parents without older siblings. It
should be noted that single mothers in Norway have bet-
ter conditions than those in many other countries, in
terms of governmental support and lack of social stigma.
The observed symptoms are known to predict poor
adult mental health [18, 19], but the present results do
not tell whether the reported effect will persist. TheTable 7 Adjusted mean scores (M) with confidence intervals (CI) of
sex
Household size 3 years
Eating/somatic Hyperactivity/concentrat
Boys Girls Boys Girls
1 .02 (-.06, .10) .04 (-.04, .12) .01 (-.06,. 09) -.02 (-.1
2 - - - -
3 -.23 (-.26,-.20) -.23 (-.26,-.30) -.08 (-.11,-.06) -.10 (-.1
4 -.24 (-.28,-.20) -.26 (-.30,-.22) -.24 (-.28,-.20) -.25 (-.2
5 -.26 (-.33,-.19) -.31 (-.38,-.23) -.28 (-.35,-.21) -.30 (-.3
6+ -.25 (-.37,-.13) -.23 (-.36,-.10) -.22 (-.34,-.09) -.33 (-.4
The outcome scores are z-scaled (SD = 1) with parents only (size = 2) as reference. T
level, family income, maternal and paternal period of leave from work after birth, m
family. Results are shown for the outcome variables for which a significant (p < .01)
is, comparing household size = 2 with larger households. p < 10−5 (overall test of me
more) on all outcome variables in both gendersMoBa project continues, so the answer to that question
will hopefully be available in the future.
One possible explanation for the effect is based on
how the human brain is designed to be moulded by the
environment – particularly in infants. Functions that are
frequently activated tend to “expand” and become stron-
ger. Thus, if fear or low mood is often activated during
infancy, the results may be excessive activity of these
functions later in life, which in the present vocabulary
corresponds to problems related to respectively anxiety
and depression. As reasoned elsewhere [3], conditions
that cause fear in infants include less proximity of care
persons and other close affiliates. Older siblings would
be expected to supplement parents in terms of offering
the child an environment that induces the feeling of
safety and companionship. The data were not inform-
ative as to whether younger siblings would offer a simi-
lar protective effect, although it seems fair to hypothesismental health related problems by household size, stratified by
5 years 8 years
ion Difficult temperament Anxiety
Boys Girls Boys Girls
0, .05) .09 (-.14, .20) .01 (-.10, .12) .06 (-.07, .20) -.05 (-.17, .07)
- - - -
2,-.07) -.12 (-.15,-.08) -.14 (-.18,-.11) -.14 (-.19,-.09) -.06 (-.11,-.01)
8,-.21) -.28 (-.33,-.24) -.33 (-.38,-.28) -.16 (-.22,-.10) -.15 (-.21,-.09)
7,-.23) -.22 (-.31,-.12) -.38 (-.48,-.28) -.18 (-.29,-.07) -.21 (-.33,-.08)
5,-.21) -.38 (-.52,-.24) -.41 (-.58,-.25) -.15 (-.36,-.07) -.31 (-.53,-.10)
he results are adjusted for maternal age, maternal and paternal educational
aternal breastfeeding status when child is 18 months, and animals in the
overall “sex X household size” interaction effect could be demonstrated; that
an differences between categories) for the effect of household size (3 and
Table 8 Adjusted mean scores (M) with confidence intervals (CI) of somatic health problems by age category of siblings
Age/number of
older siblings
Na
Tot = 51 947
3 years 5 years 3 + 5 years
Short-term somatic problems Long-term somatic problems Somatic problems Somatic problems
M (95 % CI) M (95 % CI) M (95 % CI) M (95 % CI)
<6 years 0 28 994 - - -
1 19 384 .03 (.01, .05) .07 (.05, .09) .04 (.01, .07) .05 (.03, .08)
2+ 3 569 .01 (-.01, .05) -.02 (-.05, .02) -.02 (-.07, .03) -.01 (-.06, .04)
6–11 year 0 44 625 - - - -
1 5 520 .02 (-.01, .05) .00 (-.03, .03) .00 (-.04, .04) .01 (-.03, .06)
2+ 1 802 -.01 (-.05, .04) -.06 (-.11,-.01) -.05 (-.11, .01) -.05 (-.12, .02)
12–18 years 0 49 622 - - - -
1 1 798 .01 (-.04, .06) .01 (-.05, .05) -.02 (-.09, .04) -.01 (-.09, .06)
2+ 527 -.08 (-.16, .01) .07 (-.03, .17) .06 (-.06, .18) .08 (-.07, .23)
aNumbers in the full sample of participants at 3 years of age. Overall sample sizes are 28 768 for 5 years and 24 982 for 3 + 5 years
The outcome scores are z-scaled (SD = 1) with no siblings of the indicated ages as reference. The results are adjusted for maternal and paternal educational level,
family income, maternal and paternal period of leave from work after birth, maternal breastfeeding status when child is 18 months, and animals in the family. Sig-
nificant effects (p < 0.05) in bold
Grinde and Tambs BMC Psychology  (2016) 4:31 Page 9 of 11that any siblings may do. However, older siblings may be
more valuable than having younger siblings, as the latter
would presumably add less to the perceived safety. In
the EEA, children would presumably grow up with not
only siblings, but agemates from other families as well.
The total number of children in a group was presumably
was most likely considerably larger than what is found
in the average family of today.
Parental investment theory offers another interesting
angle on the results. The theory suggests a possible
conflict between parents and offspring, in that while the
parents’ genes are best served by a large number of pro-
geny, the genes of the individual infant are best served
by few siblings – in that the latter implies more parental
attention and resources [27]. Whether there is a conflict
depends, however, on the circumstances [28]. The theory
predicts more sibling conflict in families with many chil-
dren, which is indicated by a report finding that the
amount of sibling aggression correlates with family size
[29]. However, as to mental health, rivalry could either
promote internalizing and externalising behaviour, or
build resilience. Moreover, the aggression would typically
be sporadic and relatively benign; thus in sum, the effect
of interacting with siblings might be positive despite of
occasional quarrels. That is, as long as there are ample
resources to care for all the children, which is the case
in affluent societies such as Norway. The present results
support the above contention.
The results could also be described as a correlate
between birth order and internalizing/externalizing be-
haviour. There are several previous reports on birth
order effects, but not much in terms of effect on mental
health. The more solid observations imply a modest
effect on intelligence in that first born Norwegian [30]
and Swedish [31] men obtain higher scores. This effectmay relate to the older child taking responsibility for
younger siblings, and consequently becomes more ambi-
tious or conscientious. The observation does not conflict
with the present findings.
Theoretically, one might expect that the presence of
adults would be as important as the presence of siblings.
According to the data (Table 5), they are not. Additional
adults are relatively rare in Norwegian households. Their
presence may correlate with family problems that we
could not adjust for, and they may be less present in the
child’s immediate surroundings compared to older sib-
lings. Moreover, it was interesting to note that the main
effect was observed with siblings only slightly older than
the child being investigated (Table 6), suggesting that
the optimal situation is to have play mates. From an evo-
lutionary viewpoint, it should be mentioned that long
term cooperation relies primarily on age mates, thus so-
cial affiliations should be tuned toward those of roughly
the same age.
Animals may substitute for humans by being compan-
ions. Previous reports suggest they may have a positive
effect on mental health [32, 33]. Questionnaires 4 and 5
asked the mother whether there were pets in the house-
hold as a dichotomous variable. In the present data, we
found no appreciable effects of pets (data not shown).
Limitations
We have interpreted the present results within the
theoretical framework of evolutionary adaptation; that
is, having few close affiliates is a discord in the sense
that it contributes to mental problems by triggering
brain functions related to anxiety, loneliness, or lack
of social comfort. We cannot, however, exclude alter-
native explanations. For example, parents who decide
to have more than one or two children may be
Grinde and Tambs BMC Psychology  (2016) 4:31 Page 10 of 11fonder of children and thus offer better child care; or
those whose first infant(s) was emotionally stable are
more likely to opt for additional offspring. It is also
conceivable that mothers (and fathers) of small fam-
ilies have a higher tendency toward anxiety or related
mental issues, and pass these traits on either by gen-
etic inheritance or by their way of handling infants.
Furthermore, it is unclear whether the effect requires
the presence of older siblings, as opposed to infants
younger than the index child.
The validity of our outcome measures may also be
questioned. Some of the internal consistency reliability
estimates are low, but that may be because short version
instruments like SCARED, give the best validity and
measurement prediction if they sample different types of
symptoms, all being criteria of a group of disorders.
SCARED was initially generated as a multidimensional
anxiety measure, in such a case internal consistency co-
efficients underestimate the reliability. To the extent that
some of the low alpha values really reflect measurement
error, this has attenuated the effect estimates of the pres-
ence of siblings, meaning that the real effects are even
stronger than shown by our results. Also the validity of
some of our measures is undocumented and rests on the
actual content of the single items (“face validity”). The
results are similar for all eight outcomes, however, and
the risk that all of them are very poor measures of men-
tal health is minimal.
A major limitation is that all the outcome measures
depend on maternal judgement of the child behaviour.
Beyond causing imperfect validity and reliability, which
is already addressed, we were afraid maternal report
would systematically bias the result because the mothers
might tend to judge their first child different from later
ones. However, there was no appreciable bias as to the
mothers’ judgement of somatic health (Table 8).
Although the above caveats are relevant, they seem
unlikely to alone explain the observed effects.
Conclusions
According to the present study, living in a family with
older siblings – who offer an opportunity for play, com-
fort and security – protects against developing internal-
izing and externalizing behavioural problems. The effect
is distinct and highly significant. In a world suffering
from overpopulation, it is not obvious how the observa-
tion should be incorporated in governmental advice.
Abbreviations
CBCL, Child Behavior Checklist; DSM, Diagnostic and Statistical Manual of
Mental Disorders; EAS, Emotionality, Activity and Shyness Temperament
Questionnaire; EEA, Environment of Evolutionary Adaptation; MoBa,
Norwegian Mother and Child Cohort Study; SCARED, Screen for Child
Anxiety Related Emotional Disorders; SMFQ, Short Mood and Feelings
Questionnaire; SPSS, Statistical Package for the Social SciencesAcknowledgements
We are grateful to all the participating families in Norway who take part in
this on-going cohort study.
Funding
The Norwegian Mother and Child Cohort Study is supported by the
Norwegian Ministry of Health and the Ministry of Education and Research,
NIH/NIEHS (contract no N01-ES-75558), NIH/NINDS (grant no.1 UO1 NS
047537-01 and grant no.2 UO1 NS 047537-06A1).
Availability of data and materials
English versions of the questionnaires used are available at: http://
www.fhi.no/eway/default.aspx?pid=240&trg=MainContent_6894&
Main_6664=6894:0:25,7372:1:0:0:::0:0&MainContent_6894=6706:0:25,
7375:1:0:0:::0:0 . Anyone can apply for access to data at a cost.
Authors’ contributions
BG was primarily responsible for study design and drafting the manuscript.
KT performed the data analyses and contributed to the interpretation and
writing process. Both authors read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Ethics approval and consent to participate
A written informed consent was obtained from participating mothers,
including consent on behalf of their infants, as well as a licence from the
Norwegian Data Inspectorate (see [7] for further details). The present study
was approved by the Regional (REK sør-øst) Committee for Medical Research
Ethics.
Received: 30 October 2015 Accepted: 24 May 2016
References
1. Crawford C, Krebs D. Foundations of evolutionary psychology. New York:
Psychology Press; 2008.
2. Grinde B. Can the concept of discords help us find the causes of mental
diseases? Med Hypotheses. 2009;73(1):106–9.
3. Grinde B. The biology of happiness. Dordrecht: Springer; 2012.
4. Saw SM. A synopsis of the prevalence rates and environmental risk factors
for myopia. Clin Exp Optom. 2003;86(5):289–94.
5. Dolgin E. The myopia boom. Nature. 2015;519(7543):276–8.
6. Grinde B. An approach to the prevention of anxiety-related disorders based
on evolutionary medicine. Prev Med. 2005;40(6):904–9.
7. Magnus P, Irgens LM, Haug K, Nystad W, Skjaerven R, Stoltenberg C, et al.
Cohort profile: the Norwegian Mother and Child Cohort Study (MoBa). Int J
Epidemiol. 2006;35(5):1146–50.
8. Layard R. Happiness - Lessons from a new science. London: Penguin; 2005.
9. Delhey J, Dragolov G. Happier together. Social cohesion and subjective
well-being in Europe. Int J Psychol. 2015. doi:10.1002/ijop.12149.
10. Rodriguez-Laso A, Zunzunegui MV, Otero A. The effect of social
relationships on survival in elderly residents of a Southern European
community: a cohort study. BMC Geriatr. 2007;7:19.
11. Winefield HR, Winefield AH, Tiggemann M. Social support and psychological
well-being in young adults: the multi-dimensional support scale. J Pers
Assess. 1992;58(1):198–210.
12. Ozer EJ, Fernald LC, Roberts SC. Anxiety symptoms in rural Mexican
adolescents: a social-ecological analysis. Soc Psychiatry Psychiatr Epidemiol.
2008;43(12):1014–23.
13. Patil RN, Nagaonkar SN, Shah NB, Bhat TS. A Cross-sectional Study of
Common Psychiatric Morbidity in Children Aged 5 to 14 Years in an Urban
Slum. J Family Med Prim Care. 2013;2(2):164–8.
14. Ford T, Goodman R, Meltzer H. The relative importance of child, family,
school and neighbourhood correlates of childhood psychiatric disorder. Soc
Psychiatry Psychiatr Epidemiol. 2004;39(6):487–96.
15. Riordan DV, Morris C, Hattie J, Stark C. Family size and perinatal
circumstances, as mental health risk factors in a Scottish birth cohort. Soc
Psychiatry Psychiatr Epidemiol. 2012;47(6):975–83.
16. Hesketh T, Ding QJ, Jenkins R. Suicide ideation in Chinese adolescents. Soc
Psychiatry Psychiatr Epidemiol. 2002;37(5):230–5.
Grinde and Tambs BMC Psychology  (2016) 4:31 Page 11 of 1117. Bayer JK, Hiscock H, Ukoumunne OC, Price A, Wake M. Early childhood
aetiology of mental health problems: a longitudinal population-based study.
J Child Psychol Psychiatry. 2008;49(11):1166–74.
18. Prior M, Smart D, Sanson A, Oberklaid F. Longitudinal predictors of
behavioural adjustment in pre-adolescent children. Aust N Z J Psychiatry.
2001;35(3):297–307.
19. Bosquet M, Egeland B. The development and maintenance of anxiety
symptoms from infancy through adolescence in a longitudinal sample. Dev
Psychopathol. 2006;18(2):517–50.
20. Nilsen RM, Vollset SE, Gjessing HK, Skjaerven R, Melve KK, Schreuder P, et al.
Self-selection and bias in a large prospective pregnancy cohort in Norway.
Paediatr Perinat Epidemiol. 2009;23(6):597–608.
21. Achenbach TM, Rescorla LA. Manual for the ASEBA preschool forms &
profiles. Burlington: University of Vermont; 2000.
22. Buss AH, Plomin R. Temperament : early developing personality traits.
Hillsdale: Erlbaum Associates; 1984.
23. Birmaher B, Khetarpal S, Brent D, Cully M, Balach L, Kaufman J, et al. The
Screen for Child Anxiety Related Emotional Disorders (SCARED): scale
construction and psychometric characteristics. J Am Acad Child Adolesc
Psychiatry. 1997;36(4):545–53.
24. Birmaher B, Brent DA, Chiappetta L, Bridge J, Monga S, Baugher M.
Psychometric properties of the Screen for Child Anxiety Related Emotional
Disorders (SCARED): a replication study. J Am Acad Child Adolesc Psychiatry.
1999;38(10):1230–6.
25. Angold A, Costello EJ, Messer SC, Pickles A, Winder F, Silver D. Development
of a short questionnaire for use in epidemiological studies of depression in
children and adolescents. Int J Methods Psychiatr Res. 1995;5(4):237–49.
26. Seymour S. Multiple caretaking of infants and young children: An area
in critical need of a feminist psychological anthropology. Ethos.
2004;32(4):538–56.
27. Trivers R. Parental investment and sexual selection. In: Campbell B, editor.
Sexual selection and the descent of man. New Brunswick: Transaction
Publishers; 1972. p. 136–79.
28. Kolliker M, Boos S, Wong JWY, Rollin L, Stucki D, Raveh S, et al. Parent-
offspring conflict and the genetic trade-offs shaping parental investment.
Nat Commun. 2015;6:6850. doi:10.1038/Ncomms7850.
29. Tippett N, Wolke D. Aggression Between Siblings: Associations With the
Home Environment and Peer Bullying. Aggress Behav. 2015;41(1):14–24.
30. Kristensen P, Gravseth HM, Bjerkedal T. Educational attainment of
Norwegian men: influence of parental and early individual characteristics. J
Biosoc Sci. 2009;41(6):799–814.
31. Barclay KJ. A within-family analysis of birth order and intelligence using
population conscription data on Swedish men. Intelligence. 2015;49:134–43.
32. Barker SB, Wolen AR. The Benefits of Human-Companion Animal Interaction:
A Review. J Vet Med Educ. 2008;35(4):487–95.
33. Polheber JP, Matchock RL. The presence of a dog attenuates cortisol and
heart rate in the Trier Social Stress Test compared to human friends.
J Behav Med. 2014;37(5):860–7.•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
